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Description 

[0001] US-A-3 933 601 discloses a device for galvan- 
ically treating an elongated object, e.g. a rotating cylin- 
der, mounted on a supporting apparatus and surround- 
ed by an anode formed by elongated metal elements 
with the aid of ultrasonic energy for the purpose of im- 
proving the characteristics of the coating in a more time- 
efficient process. 

[0002] DE-A-41 13 361 discloses the galvanic treat- 
ment of a rotogravure cylinder in a device substantially 
having all the features of the device known from US-A- 
3 933 601. 

BACKGROUND OF THE INVENTION 

[0003] In a conventional apparatus for the electroplat- 
ing of a rotogravure printing cylinder, it is customary to 
rotate the cylinder (electrically charged as a cathode) in 
a tank filled with an electrolyte bath and copper bars or 
copper nuggets (electrically charged as an anode), as 
disclosed in U.S. Patent No. 4,352,727 issued to 
Metzger (wherein the copper nuggets are supported in 
a set of baskets made of titanium or of a plastic material 
and disposed around each side of the cylinder), or sim- 
ply a plating solution. 

[0004] In the arrangement shown in U.S. Patent No. 
4,352,727, the top edge of the respective baskets are 
disposed below the surface of the electrolyte bath so as 
to ensure free circulation of constantly refreshed (i.e. fil- 
tered) electrolytic fluid or solution. Electrolytic fluid is 
pumped into the tank from a manifold adjacent to the 
bottom of one of the baskets, in the direction of cylinder 
rotation. The top of the rotating cylinder to be plated is 
disposed slightly above the surface level of the electro- 
lytic fluid so that a washing action occurs as the surface 
of the cylinder breaks across the surface of the electro- 
lyte. Ions move from the copper bars or nuggets through 
the electrolyticf luid to the surface of the rotating cylinder 
during the plating process (or in the reverse direction in 
the deplating process). Where plating is done directly 
from a plating solution, ions moves directly from the so- 
lution to the surface of the rotating cylinder. 
[0005] Over time, refinements of this system have fa- 
cilitated satisfactory control of the plating process, to 
achieve the desirable or necessary degree of consistent 
plating and uniformity in the plated surface of the cylin- 
der. However, the complete process is comparatively 
slow, and extra polishing steps may be necessary after 
plating in order to produce a desirable uniform surface 
(e.g. roughness on grain structure) on the cylinder. Ac- 
cording to the known arrangement, the overall efficiency 
of the process necessary to produce a suitably uniform 
plated surface on the cylinder can be adjusted either by 
reducing the current density, which increases the plating 
time but reduces the number or duration of additional 
polishing steps, or by increasing the current density, 
which reduces the plating time but increases the number 



or duration of additional polishing steps. 
[0006] Furthermore, in the known arrangement, dur- 
ing operation, a copper sludge may tend to accumulate 
on and about the cylinder during the plating process, 

s forming uneven and undesirable copper deposits, typi- 
cally in areas of low current density (such as furthest 
apart from the copper cylinder). A copper sludge may 
also build up between the contact surfaces of the titani- 
um baskets or lead contacts. Moreover, other surfaces 

10 may become fouled with sludge and other matter. 
[0007] Ultrasonic wave energy has been used suc- 
cessfully in surface cleaning applications. The long- 
known advantages in using ultrasonic energy in electro- 
plating have also been described in such articles as "Ul- 

15 trasonics in the Plating Industry", Plating, pp. 141-47 
(August 1967), and "Ultrasonics Improves, Shortens 
and Simplifies Plating Operations," MPM, pp. 47-49 
(March 1962), both of which are incorporated by refer- 
ence herein. It has been learned that ultrasonic energy 

20 may advantageously be employed to improve the qual- 
ity (e.g. uniformity and consistency of grain structure) of 
a plating process by providing for uniformity and efficien- 
cy of ion movement. In other applications, it has been 
found that copper can be plated onto a surface in a pro- 

25 duction system using ultrasonic energy at up to four 
times the rate ordinarily possible. It has also been found 
that the use of ultrasonic energy in an electroplating 
process provides an increase in both the anode and 
cathode current efficiency, and moreover, the practical 

30 benefit of faster plating with less hydrogen embrittle- 
ment (e.g. with less oxidation of the hydrogen on the 
plating and deplating surfaces). 
[0008] Accordingly, it would be advantageous to have 
an apparatus configured to capitalize on the advantages 

35 of ultrasonic energy in the electroplating of a rotogravure 
cylinder. It would also be advantages to have an appa- 
ratus configured to use ultrasonic energy in the plating 
a rotogravure cylinder in order to obtain a more uniform 
and consistent grain structure on the plated surface of 

40 the cylinder through a more efficient process. It would 
further be advantageous to have a rotogravure cylinder 
plating apparatus employing ultrasonic energy to elimi- 
nate the build-up of copper (or other) sludge during the 
plating process. 

45 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to an apparatus 
and method for electroplating and deplating a rotogra- 
50 vure cylinder as claimed in claim 1 . The apparatus in- 
cludes a plating tank adapted to rotatably maintain the 
cylinder and to contain a plating solution so that the cyl- 
inder is at least partially disposed into the plating solu- 
tion, a mounting structure mountable within thetank par- 
55 tially on each side of and generally below the cylinder, 
and a plurality of conductors at least partially disposed 
within the plating solution. A current source is electrically 
connected to the conductors and to the cylinder. An ul- 
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trasonic system introduces wave energy into the plating 
solution. The ultrasonic system includes at least one 
transducer element mountable within the tank and a 
power generator adapted to provide electrical energy to 
the at least one transducer element. 

DESCRIPTION OF THE DRAWINGS 

[0010] FIGURE 1 is a sectional elevation view of an 
electroplating apparatus for a rotogravure cylinder ac- 
cording to a preferred embodiment of the present inven- 
tion. 

[0011] FIGURE 2 is a plan and cut-away view of the 
apparatus of FIGURE 1. 

[0012] FIGURE 3 is a perspective view of the appa- 
ratus of FIGURE 1 showing a basket system adapted to 
hold copper nuggets or the like. 
[0013] FIGURE 4 is a sectional elevation view of a 
plating tank of the apparatus of FIGURE 1 showing a 
cylinder and the basket system. 
[0014] FIGURE 5 is a sectional elevation view of a lift- 
er for the apparatus of FIGURE 1 . 
[0015] FIGURE 6 is a plan and cut-away view of a 
basket system for an electroplating apparatus according 
to an alternative embodiment. 
[0016] FIGURE 7 is a sectional elevation view of the 
apparatus of FIGURE 6. 

[0017] FIGURE 8 is a sectional elevation view of a 
transducer assembly and a basket system for an elec- 
troplating apparatus according to an alternative embod- 
iment. 

[0018] FIGURE 9 is a sectional elevation view of a 
transducer assembly and a basket system for an elec- 
troplating apparatus according to an alternative embod- 
iment. 

[0019] FIGURE 10 is a sectional elevation view of a 
plating tank according to an alternative embodiment. 
[0020] FIGURE 11 is a schematic diagram of the ul- 
trasonic transducer system. 

[0021] FIGURE 12 is a sectional elevation view of a 
plating tank according to an additional alternative em- 
bodiment configured to plate a rotogravure cylinder di- 
rectly out of a plating solution. 
[0022] FIGURE 13 is a sectional and partial elevation 
view of a plating tank according to an additional alterna- 
tive embodiment configured to plate a rotogravure cyl- 
inder directly out of a plating solution. 
[0023] FIGURE 14 is a sectional and partial elevation 
view of a plating tank according to an additional alterna- 
tive embodiment. 

[0024] FIGURE 15 is a schematic elevation view of a 
conventional printing system. 

[0025] FIGURE 16 is a schematic perspective view of 
a system for engraving an image on a rotogravure cyl- 
inder. 

[0026] FIGURE 17 is a partially exploded perspective 
view of a plating tank (with a rotogravure cylinder) ac- 
cording to an alternative embodiment of the present in- 



vention. 

[0027] FIGURES 18 and 18A are sectional end and 
elevation views of the plating tank of FIGURE 17. 
[0028] FIGURE 19 is a sectional side and elevation 
5 view of the plating tank (with a rotogravure cylinder) of 
FIGURE 17, 

[0029] FIGURES 20 and 21 are plan views of exem- 
plary arrangements of ultrasonic transducer elements 
within a plating tank according to alternative embodi- 

10 ments of the present invention. 

[0030] FIGURE 22 is a schematic sectional perspec- 
tive view of a plating tank showing alternative arrange- 
ments of ultrasonic transducer elements. 
[0031] FIGURE 23 is a sectional side and elevation 

15 view of a plating tank (with a rotogravure cylinder) ac- 
cording to an alternative embodiment of the present in- 
vention. 

[0032] FIGURE 24 is a sectional end and elevation 
view of the plating tank of FIGURE 23. 
20 [0033] FIGURES 25 and 25A are sectional views of 
the mounting arrangement of an ultrasonic transducer 
element within the plating tank of FIGURES 1 8 and 1 8A. 
[0034] FIGURE 26 is a schematic view of an ultrason- 
ic transducer element. 
25 [0035] FIGURE 27 is a schematic view of the grain 
structure of a rotogravure cylinder plated according to a 
conventional method. 

[0036] FIGURE 28 is a schematic view of the grain 
structure of the rotogravure cylinder plated according to 
30 a preferred embodiment of the present invention. 

[0037] FIGURE 29 is a photomicrograph of the sur- 
face of a rotogravure cylinder intended to correspond to 
FIGURE 27. 

[0038] FIGURE 30 is a photomicrograph of the sur- 
35 face of a rotogravure cylinder intended to correspond to 
FIGURE 28. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0039] Referring to FIGURES 1 through 4, a preferred 
embodiment of an apparatus for electroplating a roto- 
gravure cylinder is shown. Apparatus 110 includes a 
plating tank 1 2 having side walls 1 2a and 1 2b, and walls 

45 1 2d and 1 2e, and bottom 1 2c. Plating tank 1 2 as shown 
in FIGURE 1 contains an electrolytic fluid (e.g. copper 
sulfate or the like in an appropriate solution) indicated 
by reference letter F at a level (indicated by reference 
letter L) regulated by the height of a weir 72 (e.g. the top 

so of side wall 1 2b), A rotogravure cylinder 20 to be plated 
(ordeplated) is rotatably supported at its ends (e.g. upon 
an extending central shaft) to be submerged into the 
electrolytic fluid approximately one-half to one-third of 
the cylinder diameter. Cylinder 20 is rotatably supported 

55 at its ends by bearings within a journal 22, in which it is 
rotatably driven by a suitable powering device (not 
shown). Cylinder 20, shown in the FIGURES as one of 
a standard size (e.g., having a diameter of approximate- 



20 



25 



30 



7 



EP0 882 817B1 



5 

ly 800 to 1500 mm), is disposed in close proximity to a 
basket system 30; according to alternative embodi- 
ments cylinders of other diameters may be accommo- 
dated. 

[0040] According to any preferred embodiment, the 
tank system and cylinder mounting and drive system are 
of a conventional arrangement known to those of ordi- 
nary skill in the art of rotogravure cylinder plating. In any 
preferred embodiment, apparatus 10 will include a bas- 
ket system 30 having one or a plurality of basket com- 
partments 32 formed by a series of side and internal di- 
viding walls 31 . Basket system 30 in any preferred em- 
bodiment be disposed into the electrolytic fluid below 
level 70 of the electrolytic fluid. To ensure complete and 
constant exchange of the electrolytic fluid, the exterior 
side walls of basket compartments 32 are maintained 
below level L, otherwise the flow of electrolytic fluid may 
stagnate between basket compartments 32 and cylinder 
20 and may possibly cause overheating. The electrolytic 
fluid is itself of a composition known to those of ordinary 
skill in the art of electroplating, for example a solution of 
220 to 250 gram/liter copper sulfate and 60 gram/liter 
sulfuric acid, to fill plating tank 12 to level L. 
[0041] As shown in FIGURE 2, basket compartments 
32 of concavo-convex basket system 30 contain nug- 
gets 34 of a metallic material such as copper to be plated 
onto (or deplated from) cylinder 20. Basket compart- 
ments 32 and partitioning walls 31 (shown in FIGURES 
2 through 4) are formed from a suitable metallic material, 
typically titanium, or in an alternative embodiment, from 
a suitable plastic material such as polypropylene (as 
shown in FIGURE 7). The arrangement of a basket sys- 
tem of this basic type is disclosed in U.S. Patent No. 
4,352,727 issued to Metzger. As shown, the basket 
compartments 32 of basket system 30 have concave 
walls that are disposed towards the surface of cylinder 
20. According to a preferred embodiment, the distance 
between the anode surface of basket system 30 to the 
cathode surface of cylinder 20 is approximately 40 to 60 
mm. According to any preferred embodiment of the 
present invention, basket system 30 does not encom- 
pass any substantial portion of the outer perimeter of 
cylinder 20. (This relationship may vary in alternative 
embodiments which employ a basket system of a larger 
size relative to the cylinder.) As shown in FIGURES 3 
and 4, basket system 30 is suspended from a pair of 
rails 40 extending along walls 12a and 12b of plating 
tank 12 by a series of hangers, shown as lead anodes 
42. (Rails 40 are shown mounted from a reinforcing 
structure 41 in FIGURE 1; according to an alternative 
embodiment, the ends of rails 40 may be supported by 
the tank ends or side walls.) 

[0042] Lead anodes 42 provide electrical connection 
to rails 40 (e.g. bus bars), across basket system 30 and 
through basket compartments 32 in a manner so also 
to provide an electrical connection to electrically-con- 
ductive nuggets 34. (According to a preferred embodi- 
ment, high phosphor copper mini-nuggets, preferably 



0.04 to 0.06 percent phosphor, are used.) As shown in 
FIGURES 3 and 4, nuggets 34 are contained in basket 
compartments 32 with overlaid plastic sheeting 36 
(shown cut away in portions to reveal nuggets 34). 

5 (Plastic shield plates may be used when a cylinder of 
shorter length is plated so as to prevent over-plating at 
the cylinder ends.) According to this embodiment, lead 
anodes 42 (e.g. curved flat strips) serve as the structural 
supports (i.e. hangers) for basket system 30. Lead an- 

10 odes 42 are mechanically fastened and electrically cou- 
pled to current-carrying rails 40 at junctions employing 
fasteners, shown as bolts 100. (According to a particu- 
larly preferred embodiment, the inner walls of basket 
compartments 32 have perforations and the outer walls 

15 of basket compartments 32 are solid, except for two 
rows of holes near their tops which enable the flow of 
plating solution through basket compartments 32.) Up- 
per portions 42a of the lead anode strips 42 are dip coat- 
ed to protect them from the electrolytic fluid; and lower 

20 portions 42b of lead anodes 42 are exposed and posi- 
tioned within basket compartments 32 to maintain elec- 
trical contact with copper nuggets 34. In operation, the 
packing of copper nuggets 34 around and between lead 
anodes 42 and cylinder 20 to be plated protects lead 

25 anodes 42 against wear. 

[0043] For plating the cylinder, the rails are connected 
to an anode side of a plating power supply (e.g. a current 
source of known design) and the cylinder is connected 
to a cathode side of the power supply; for de-plating, the 

30 anode-cathode connections are reversed. When the 
cylinder is printed out (i.e. after having been plated and 
etched), it is returned to the plating apparatus and de- 
plated so as to return the copper to the nuggets. 
[0044] Referring to FIGURES 1 through 4 (and also 

35 FIGURES 7 through 9), shown disposed lengthwise 
along the bottom surface of basket system 30 (e.g. 
bonded or securely mounted thereto) are ultrasonic 
transducer elements 50. Transducer elements 50 
(shown as four elements 50a through 50d in FIGURES 

40 1 through 4 and 7) are electrically coupled to a control 
system (shown schematically in FIGURE 10) and are 
provided to introduce ultrasonic wave energy into plat- 
ing tank 12. Transducer elements 50 can be of any va- 
riety known in the art. According to a particularly pre- 

45 ferred embodiment, the transducer elements are de- 
signed to provide for operation in a frequency range of 
15 to 30 KHz (cycles). In the exemplary embodiment 
shown in FIGURE 1,two of thefourtransducerelements 
(e.g. outer transducer elements 50a and 50b) are con- 

50 figured and positioned in relation to basket system 30 
as to assist with the plating process directly (e.g. to fa- 
cilitate consistency of ion migration through the electro- 
lytic fluid); the remaining two transducer elements (e.g. 
inner transducer elements 50c and 50d) are configured 

55 and positioned in relation to basket system 30 as to pro- 
vide a cleaning function and maintain nuggets 34, cyl- 
inder 20 and other elements of and about basket system 
30 free of copper sludge and other fouling buildup. 
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[0045] As shown in FIGURE 1, according to a pre- 
ferred embodiment, the electrolytic fluid supply system 
functions as a closed circuit system. A supply of elec- 
trolytic fluid F is provided into plating tank 1 2 by at least 
one spray bar 62 (two are shown), which consists of a 
section of pipe or tube extending laterally along or near 
the bottom of plating tank 12. Each spray bar 62 has a 
series of apertures 62a along its length (as shown at 
least partially in FIGURE 2) that provide for a constant 
and relatively well-dispersed flow of electrolytic fluid into 
plating tank 1 2 from a holding tank 1 4 (e.g. a reservoir). 
Holding tank 14 is formed of side walls 14a and 14b, a 
bottom 14d, a top 14c, and end walls 14d and e, and is 
disposed beneath plating tank 1 2 (e.g. top 1 4c of holding 
tank 14 matches bottom 1 2c of plating tank 12) so as to 
capture any flow of electrolytic fluid travelling over weir 
72 in plating tank 12. (Electrolytic fluid F is maintained 
at its own level in holding tank 14.) Electrolytic fluid may 
build up heat and increase in temperature overtime dur- 
ing the plating (or deplating) process and therefore hold- 
ing tank 14 is equipped with a fluid cooling system 16 
(e.g. a suitable heat exchanger for such fluid of a type 
known in the art). Likewise, electrolytic fluid may need 
to be heated from an ambient temperature to a higher 
temperature at the outset of the plating process and 
therefore holding tank 14 is also equipped with a fluid 
heating system 18 (e.g. a suitable heat exchanger for 
such fluid of a type known in the art). The temperature 
regulating system forthe plating solution can be coupled 
to an automatic control system that operates from infor- 
mation obtained by temperature sensors in or near one 
or both tanks, and to control other parameters that may 
be monitored during the process, according to known 
arrangements. 

[0046] During the entire electroplating process, the 
electrolytic fluid is constantly being filtered and the ul- 
trasonic system is constantly running. Before the elec- 
troplating process begins, the ultrasonic system can be 
energized to provide for agitation of electrolytic fluid and 
for cleaning of the basket system (to eliminate metallic 
sludge) to provide for better contact between the metal 
nuggets and the titanium basket compartments and lead 
anodes (or the lead anodes themselves in an embodi- 
ment having plastic basket compartments). 
[0047] A pair of supply pipes 60 feed spray bars 62 
with a supply flow of electrolytic fluid. Supply pipes 60 
each are coupled to a circulation pump 64 and a filter 
66 (configured and operated according to a known ar- 
rangement). Circulation pumps 64 draw electrolytic fluid 
F from holding tank 14 into inlets 61 in each of supply 
pipes 60 and force it under pressure through filters 66 
and into spray bars 62 where (having been filtered) it is 
reintroduced through apertures 62a into plating tank 12 
forthe electroplating process. Each of spray bars 62 ex- 
tends along the bottom of plating tank 12, rising horizon- 
tally from holding tank 14 and turning at an elbow 68 to 
run horizontally along and beneath basket system 30. 
According to alternative embodiments, the apparatus 



could include one pump and filter coupled to either a 
single spray bar or a spray bar manifold system, or any 
other combination of elements that provide for the suit- 
able supply of electrolytic fluid into the plating tank. 

5 [0048] Referring to FIGURE 2, a top (and broken 
away) view of basket system 30, plating tank 12 and 
holding tank 14, rails are shown disposed on a set of 
lifters (one is shown as hydraulic cylinder assembly 24 
in FIGURE 5), which allow the vertical position of the 

10 cylinder to be adjusted within plating tank 1 2 (in a set of 
end slots 26 in the end walls of the plating tank that are 
adapted to form a leak-proof seal with the rotating cyl- 
inder assembly). The distance from the cylinder surface 
to the basket system, which is placed underneath the 

15 cylinder, may thereby be adjusted, for example, accord- 
ing to the diameter of the cylinder. 
[0049] FIGURES 6 and 7 show an alternative embod- 
iment of basket system 30a wherein basket compart- 
ments 32a are made of a plastic material (such as poly- 
pe propylene according to a particularly preferred embod- 
iment). Basket system 30a is supported by a combina- 
tion of nonconducting weight-bearing support strips 43 
(e.g. hangars) and conductive lead anodes 42a, both of 
which are bolted to rail 40. Support strips 43 cradle bas- 

25 ket system 30a, passing under basket compartments 
32a, to provide the primary supporting structure; lead 
anodes 42a pass through basket compartments and in- 
to electrical contact with nuggets 34a. Ultrasonic trans- 
ducer elements 50a through 50d are also shown dis- 

30 posed beneath basket system 30 in FIGURE 7. Accord- 
ing to an alternative embodiment shown in FIGURE 9, 
the apparatus employs a basket system 30 with two sets 
of basket compartments 32 disposed beneath the rotat- 
ing cylinder, in the alternative embodiments shown in 

35 FIGURES 8 and 9, a single transducer element 50 is 
positioned beneath basket system 30. 
[0050] Referring to FIGURE 11, according to a pre- 
ferred embodiment, the ultrasonic system includes an 
ultrasonic power generator 53 for transforming a com- 

40 mercial supply of electric power (e.g. typically provided 
at low frequency such as 60 Hz) to an ultrasonic fre- 
quency range (approximately 20 KHz), a transducer el- 
ement 50 for converting the high frequency electrical en- 
ergy provided by generator 53 into ultrasonic energy (i. 

45 e. acoustical energy) to be transmitted into and through 
the electrolytic fluid, and a low voltage direct current 
(DC) power supply 54 for powering generator 53 and 
transducer elements 50. As shown, ultrasonic transduc- 
er elements 50 are placed lengthwise under basket 

50 compartment 32 (or titanium tray) and have the surface 
from which the wave energy is transmitted oriented in a 
manner to promote an even exchanging of ions through 
electrolytic fluid F along the entire length of cylinder 20. 
Ultrasonic energy transmitted from the surface is also 

55 intended to agitate electrolytic fluid F and copper nug- 
gets 34 thereby to "stir up" the copper sludge that tend 
to form (so that its constituents return to or tend to re- 
main in the solution), according to phenomena em- 
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ployed in ultrasonic cleaning applications. In the pre- 
ferred embodiment, the frequency and amplitude of the 
ultrasonic wave energy is maintained at a level (e.g. 
near 20 KHz) that tends to minimize the cavitation action 
that results from ultrasonic energy. Alternative embodi- 5 
ments, however, may operate at higher frequencies (e. 
g. above 20 KHz), where cavitation action tends to re- 
sult, or may operate over a varying range of frequencies. 
[0051] According to any preferred embodiment, the 
transducer elements efficiently convert electrical input 10 
energy from the generator into a mechanical (acousti- 
cal) output energy at the same (ultrasonic) frequency. 
The power generator is located apart from the plating 
tank, preferably shielded from the effects of the plating 
solution. The transducer elements can be generally of 15 
a ceramic or metallic material (or any other suitable ma- 
terial), preferably having a construction designed to 
withstand the effects of the plating solution in which they 
are immersed, and positioned to provide uniform energy 
(and thus uniform cavitation) throughout the basket sys- 20 
tern and rotogravure cylinder. (Exemplary transducer el- 
ements are described in the articles cited herein previ- 
ously and incorporated by reference herein.) As shown 
in FIGURE 9, a two basket system, ultrasonic energy 
(designated by reference letter U) will pass between the 25 
basket compartments to cylinder (not shown). In an al- 
ternative embodiment shown in FIGURE 10, transducer 
element 50 is mounted in a separate compartment 
formed between plating tank 1 2 and holding tank 1 4 that 
does not contain the plating solution; according to this 30 
embodiment the transducer element (or transducer el- 
ements) does not need to be designed to withstand the 
effects of the plating solution. Alternative embodiments 
may employ various arrangements of transducer ele- 
ments to optimize plating (and deplating) performance 35 
in view of design and - environmental factors (such as 
the ultrasonic energy intensity, flow conditions, sizes, 
shapes and attenuation of the tank, basket system, cyl- 
inder, etc. 

[0052] The use of ultrasonic energy increases plating 40 
rates by facilitating rapid replenishing of metal ions in 
the cathode film during electroplating. The ultrasonic en- 
ergy is also very beneficial in removing absorbed gases 
(such as hydrogen) and soil from the electrolytic fluid 
and the surfaces of other elements during the electro- 45 
plating process. According to any particularly preferred 
embodiment, the transducer elements are arranged to 
provide ultrasonic energy at an intensity (e.g. frequency 
and amplitude) that provides for uniform and consistent 
agitation throughout the plating solution suitable for the so 
particular arrangement of tank, cylinder and basket sys- 
tem. As contrasted to mechanical agitation, which may 
tend to leave "dead spots" in the plating tank with where 
there is little if any agitation, ultrasonic agitation may 
readily be transmitted in a uniform manner (according ss 
to the orientation of the array of transducer elements). 
[0053] Ultrasonic agitation according to a preferred 
embodiment will further provide the advantage of pre- 



venting gas streaking and burning at high current den- 
sity areas on the cylinder without causing uneven or 
rough deposits. As a result, the use of ultrasonic energy 
to introduce agitation into the plating tank produces a 
more uniform appearance and permits higher current 
density to be used without "burning" the highest current 
density areas of the cylinder like the edge of the cylinder, 
(Usually the critical area of burning or higher plating 
buildup is the edge of the cylinder.) (Ultrasonic energy 
also can be used in chrome tanks to increase the hard- 
ness of the chrome, to increase the grain structure of 
the chrome and to eliminate the microcracks in chrome.) 
[0054] A further advantage of a preferred embodi- 
ment of the plating apparatus using ultrasonic energy is 
that it expands the range of parameters for the plating 
process such as current density, temperature, solution 
composition and general cleanliness. The surface of a 
plated cylinderthat used ultrasonic energy according to 
a preferred embodiment will tend to have a much finer 
grain size and more uniform surface than a cylinderthat 
used a conventional plating process. The plated surface 
hardness would typically increase (without any additive) 
by approximately 40 to 60 Vickers, evidencing a much 
finer grain structure. The use of ultrasonic energy in the 
plating process therefore allows a minimum or no pol- 
ishing of the cylinder while increasing the speed of de- 
oxidizing of the nuggets and basket. 

ADDITIONAL ALTERNATIVE EMBODIMENTS - PART 

[0055] According to additional alternative embodi- 
ments, the apparatus can be modified for plating or de- 
plating a rotogravure cylinder with various metallic al- 
loys or metals directly out of solution (i.e. without using 
metallic nuggets). 

[0056] Apparatus 110 is shown in FIGURE 12. Many 
of the same elements of other embodiments described 
herein (e.g. apparatus 10) are present in apparatus 110. 
However, apparatus 110 (shown without any baskets or 
associated elements) is adapted to plate cylinder 120 
directly out of an electrolytic fluid a plating solution con- 
taining a plating metal or metal alloy in a plating solution 
indicated by reference letter F. According to this embod- 
iment, cylinder 120 can be plated with any plating metal 
or metallic alloy. For example, cylinder 20a can be plat- 
ed with chrome, zinc, nickel or other plating metal (in- 
cluding various alloys thereof) according to various 
processes known in the art. 

[0057] Apparatus 110 includes a plating tank 112 of a 
type shown in FIGURE 1 containing plating solution F 
at a level (indicated by reference letter L) regulated by 
the height of a weir 172. A rotogravure cylinder 120 to 
be plated (or deplated) is rotatably supported at its ends 
(e.g. upon an extending central shaft) to be submerged 
into the electrolytic fluid approximately one-haff to one- 
third of the cylinder diameter. Cylinder 120 is rotatably 
supported at its ends by bearings within a journal, in 
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which it is rotatably driven by a suitable powering device 
(not shown). Cylinder 120, shown in FIGURES 12 and 
13 as one of a standard size (e.g., having a diameter of 
approximately 800 to 1500 mm); according to alterna- 
tive embodiments cylinders of other diameters may be 
accommodated. According to any preferred alternative 
embodiment, the tank system and cylinder mounting 
and drive system are of a conventional arrangement 
known to those of ordinary skill in the art of rotogravure 
cylinder plating. The electrolytic fluid is itself of a com- 
position known to those of ordinary skill in the art of elec- 
troplating. 

[0058] Conductive curved anode strips are electrically 
connected to current carrying rails 144 and mounted in 
plating tank to make electrical contact with the plating 
solution (electrolytic fluid F). For plating the cylinder, the 
rails are connected to an anode side of a plating power 
supply (e.g. a current source of known design) and the 
cylinder is connected to a cathode side of the power sup- 
ply; for de-plating, the anode-cathode connections are 
reversed. When the cylinder is printed out (i.e. after hav- 
ing been plated and etched), it is returned to the plating 
apparatus and deplated so as to return the plating metal 
to the solution. According to alternative embodiments, 
other conventional arrangements for effecting the elec- 
trical connections to the plating solution (electrolytic flu- 
id) and the cylinder may be employed. 
[0059] As shown in FIGURE 2, a mounting structure 
143 (oriented similarly to the anode strips) is mounted 
to (but not electrically connected to) rails 144. (Or it al- 
ternatively can be mounted to the walls of plating tank 
112.) Disposed lengthwise along the bottom surface of 
mounting structure 143 (e.g. bonded or securely mount- 
ed thereto) are ultrasonic transducer elements 150. 
Transducer elements 150 (shown as four elements 
1 50a through 1 50d) are electrically coupled to a control 
system (shown schematically in FIGURE 10) and are 
provided to introduce ultrasonic wave energy into plat- 
ing tank 112. Transducer elements 1 50 can be of a type 
disclosed herein or of any other suitable type known in 
the art. According to a particularly preferred embodi- 
ment, the transducer elements are designed to provide 
for operation in a frequency range of 15 to 30 KHz (cy- 
cles), although other ultrasonic frequency ranges 
(above 40 KHz and beyond) may be employed. Trans- 
ducer elements 1 50 are configured and positioned to as- 
sist with the plating process (e.g. to facilitate consisten- 
cy of ion migration through the electrolytic fluid), and to 
prevent any fouling buildup on the various elements of 
apparatus 110. 

[0060] As shown in FIGURE 12, according to a pre- 
ferred alternative embodiment, the electrolytic fluid sup- 
ply system functions as a closed circuit system. (As is 
apparent, this system is similar in structure and opera- 
tion to other embodiments previously disclosed.) A sup- 
ply of electrolytic fluid F is provided into plating tank 112 
by at least one spray bar 162 (two are shown), which 
consists of a section of pipe or tube extending laterally 



along or near the bottom of plating tank 112. Each spray 
bar 1 62 has a series of apertures along its length (similar 
to as shown at least partially in FIGURE 2) that provide 
for a constant and relatively well-dispersed flow of elec- 
5 trolytic fluid into plating tank 112 from a holding tank 114 
(e.g. a reservoir). A holding tank 114 is disposed be- 
neath plating tank 1 1 2 so as to capture any flow of elec- 
trolytic fluid travelling over weir 172 in plating tank 112. 
(Electrolytic fluid F is maintained at its own level in hold- 
ing tank 114.) 

[0061] Electrolytic fluid may build up heat and in- 
crease in temperature over time during the plating (or 
deplating) process and therefore holding tank 114 is 
equipped with a fluid cooling system 1 1 6 (e.g. a suitable 
heat exchanger for such fluid of a type known in the art). 
Likewise, electrolytic fluid may need to be heated from 
an ambient temperature to a higher temperature at the 
outset of the plating process and therefore holding tank 
114 is also equipped with a fluid heating system 118 (e. 
g. a suitable heat exchanger for such fluid of a type 
known in the art). The temperature regulating system 
for the plating solution can be coupled to an automatic 
control system that operates from information obtained 
by temperature sensors in or near one or both tanks, 
and to control other parameters that may be monitored 
during the process, according to known arrangements. 
Before the electroplating process begins, the ultrasonic 
system can be energized to provide for agitation of elec- 
trolytic fluid and for cleaning of the system to provide for 
better contact and plating performance. 
[0062] A pair of supply pipes 1 60 feed spray bars 1 62 
with a supply flow of electrolytic flu id F. Supply pipes 1 60 
each are coupled to a circulation pump 1 64 (configured 
and operated according to a known arrangement that 
may or may not have a filter). Circulation pumps 164 
draw electrolytic fluid Ffrom holding tank 114 into inlets 
in each of supply pipes 1 60 and force it under pressure 
into spray bars 1 62 where it is reintroduced through ap- 
ertures into plating tank 112 for the electroplating proc- 
ess. Each of spray bars 162 extends along the bottom 
of plating tank 112, rising horizontally from holding tank 
1 1 4 and turning at an elbow to run horizontally along and 
beneath mounting structure 143. According to alterna- 
tive embodiments, the apparatus could include one 
pump coupled to either a single spray bar or a spray bar 
manifold system, or any other combination of elements 
that provide for the suitable supply of electrolytic fluid 
into the plating tank. 

[0063] An alternative embodiment is shown partially 
in FIGURE 13 (certain elements of the apparatus are 
not shown), wherein the apparatus 210 employs an ul- 
trasonic transducer element 250 that is cylindrical in 
shape (having a diameter of about 70 mm in a particu- 
larly preferred embodiment). Transducer element 250 is 
shown mounted within plating tank 212 by a mounting 
structure 243 (for example, as mounting structure 143 
shown in FIGURE 12). According to alternative embod- 
iments, a mounting structure 243 integrated with the an- 
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ode strips can be employed (compare FIGURE 3). As 
shown, one transducer element 250 is mounted under- 
neath rotating cylinder 220 by mounting structure 243 
(at or near the level of the curved anode strips below 
cylinder 220 according to the preferred embodiment). 
One or more such transducer elements can be used ac- 
cording to alternative embodiments, for example, 
mounted in a spaced-apart arrangement along the 
mounting structure beneath cylinder 220. Underneath 
transducer element 250 is placed a reflector 260 having 
a highly polished reflective surface shown mounted to 
side walls of plating tank 212. 

[0064] Reflector 260 is shown in the preferred embod- 
iment as being of an integral unit having an arcuate 
shape, and extends substantially along the entire length 
of cylinder 220 (as does transducer element 250). Alter- 
natively, the reflector can be provided with any other 
suitable shape (such as parabolic or flat or multifaceted) 
or in segments. Transducer element 250 when ener- 
gized will transmit wave energy (shown partially by ref- 
erence letter U) in a substantially radial pattern through 
the plating solution, including toward cylinder 220 and 
against reflector 260 which will reflect the wave energy 
back to cylinder 220 and related structures (such as the 
anode strips). The direct and reflected ultrasonic wave 
energy is intended to keep the surfaces of the cylinder 
and related structures free of fouling buildup and to fa- 
cilitate the plating process. 

[0065] According to any preferred embodiment, ultra- 
sonic wave energy can be used in the plating (and de- 
plating) of various metals and metal alloys to the cylin- 
der, as in chrome plating and also for plating alloys of 
zinc, nickel, etc. The ultrasonic system according any 
particularly preferred alternative embodiment will be ca- 
pable of generating between two to six kilowatts of pow- 
er; the system will provide ultrasonic energy at a fre- 
quency between 10 to 40 KHz (cycles per second). 
[0066] As shown in FIGURE 14, in alternative embod- 
iments (similar to that shown in FIGURE 13), other con- 
figurations of transducer elements (e.g. cylindrical in 
shape with a circular profile) can be employed. For ex- 
ample, four transducer elements 350a through 350d 
(shown in phantom lines) can be mounted in plating tank 
31 2 at the sides of cylinder 220 (by a mounting structure 
fixed to the walls or base of the plating tank or some 
other suitable structure, not shown). According to an al- 
ternative embodiment, two transducer elements (e.g. 
350b and 350d) can be used instead of four. (Transduc- 
er element 250 mounted by structure 243 and reflector 
260 are also shown.) As is evident, a wide variety of 
transducer configurations can be made within the scope 
of the present invention , with any preferred embodiment 
including at least one transducer element positioned in 
or near the plating tank so that the beneficial effect of 
ultrasonic energy can be realized during the electroplat- 
ing process. As FIGURE 14 shows, such arrangements 
of transducer elements 350a through 350d (and 250) 
can also be employed in alternative embodiments used 



in connection with an electroplating apparatus that uses 
metai nuggets 334 maintained in basket compartments 
332 (similar in arrangement to other embodiments de- 
scribed herein). 

5 

ADDITIONAL ALTERNATIVE EMBODIMENTS - PART 
2 

[0067] According to additional alternative embodi- 
10 ments, the apparatus can be modified for plating a ro- 
togravure cylinder with various metallic alloys or metals 
(such as copper using metallic nuggets or chrome or 
zinc directly out of solution) to produce a uniform and 
consistent grain structure on the surface of the plated 
15 cylinder. Apparatus 410 is shown in FIGURES 17 
through 26. Many of the same elements of other embod- 
iments described herein (e.g. apparatus 10, etc.) are 
present in apparatus 410, or can be included in the ap- 
paratus according to various alternative embodiments. 
[0068] In FIGURES 1 7 through 1 9, apparatus 41 0a is 
shown with basket compartments 432 and associated 
elements to plate a rotogravure cylinder 420 from cop- 
per nuggets 434 in a plating solution (indicated by ref- 
erence letter F in other FIGURES). In FIGURES 23 and 
24, apparatus 410b (shown without any baskets or as- 
sociated elements) is adapted to plate cylinder 420 di- 
rectly out of an electrolytic fluid (a plating solution con- 
taining a plating metal or metal alloy in a plating solution 
indicated by reference letter F in other FIGURES). Ac- 
cording to this embodiment, a cylinder 420 can be plated 
with any plating metal or metallic alloy. For example, the 
cylinder can be plated with chromium (chrome), zinc, 
nickel or other plating metal (including various alloys 
thereof) according to various processes known in the 
art. 

[0069] Apparatus 410 includes a plating tank 412 of 
a type shown in FIGURE 1 containing plating solution F 
at a level (indicated by reference letter L in other FIG- 
URES). (The holding tank which can be positioned in 
any suitable location near the plating tank is not shown 
in the'se FIGURES.) Rotogravure cylinder 420 to be plat- 
ed is rotatably supported at its ends (e.g. upon an ex- 
tending central shaft) to be submerged into the electro- 
lytic fluid approximately one-half to one-third of the cyl- 
inder diameter. Cylinder 420 is rotatably supported at its 
ends by bearings within a journal, in which it is rotatably 
driven by a suitable powering device (not shown). Ac- 
cording to any preferred alternative embodiment, the 
tank system and cylinder mounting and drive system are 
of a conventional arrangement known to those of ordi- 
nary skill in the art of rotogravure cylinder plating. (Plat- 
ing stations that may be adapted to incorporate the var- 
ious embodiments of the present invention are commer- 
cially available, for example, from R. Martin AG of Terwil, 
Switzerland.) The electrolytic fluid is itself of a compo- 
sition known to those of ordinary skill in the art of elec- 
troplating. 

[0070] As shown in FIGURES 1 7 and 23, cylinder 420 
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has a cylindrical face surface 420a and opposing axial 
ends 420b (having a generally cylindrical shape). Ends 
420b of cylinder 420 are installed into the apparatus ac- 
cording to a conventional arrangement to allow for axial 
rotation of the cylinder during the plating process. The 
cylinder assembly is shown generally in FIGURES 19 
and 23. As shown schematically, each end 420b of cyl- 
inder 420 is mechanically coupled (e.g. using a chuck 
or like holding device) to an adapter 420c (also allowing 
for size differences in cylinders) which is retained within 
a bearing 420d (shown mounted to a bearing support 
420e) for rotational movement about the axis of cylinder 
(e.g. imparted by a motor, not shown). Brushes 420f pro- 
vide an electrical connection (i.e. as cathode) to cylinder 
420. 

[0071] According to an exemplary embodiment, the 
cylinder includes a steel (e.g. 99 percent steel) base sur- 
face, as is conventional. Exemplary cylinders are com- 
monly available (from commercial suppliers) in a variety 
of sizes, which can be plated according to the method 
of the present invention. Such cylinders after plating and 
engraving are used for printing packaging or publica- 
tions (e.g. magazines); exemplary cylinder surface di- 
ameters and lengths (i.e. surface area to be plated, en- 
graved and printed out) will suit particular applications. 
Following the plating of the cylinder, the surface can be 
polished, then engraved with an image, for example us- 
ing engraving system 470 as shown schematically in 
FIGURE 16, including a scanner 472, computer-based 
controller 474 and an engraver 476. Such systems are 
commercially available, for example, from Ohio Elec- 
tronic Engravers, Inc. of Dayton, Ohio (Model No. 
M820). The cylinder can be cleaned (and chrome-plat- 
ed) and then printed out (according to processes known 
to those in the art who may review this disclosure), for 
example, onto a roll or web of paper using a printing sys- 
tem 480 (including cylinders 420) as shown schemati- 
cally in FIGURE 15. When use of the cylinder in the print- 
ing operation is completed, the image is removed from 
the surface of the cylinder (e.g. stripped off if engraved 
on a Ballard shell or cut off if engraved on a base copper 
layer). The cylinder can be cleaned and deoxidized, 
then replated (e.g. with base copper) and engraved for 
reuse. (Other materials may be similarly plated or en- 
graved and printed on the cylinder by alternative em- 
bodiments, such as chrome or zinc.) 
[0072] As has been described, the plating process is 
enhanced by the introduction of ultrasonic wave energy 
into the plating tank. An ultrasonic generator converts a 
supply of alternating current (AC) power (e.g. at 50 to 
60 Hz) into a frequency corresponding to the frequency 
of the ultrasonic transducer system (oscillator); the usu- 
al frequency is between 15 or 20 kHz and 40 kHz. The 
energy to the transducer (from the generator or oscilla- 
tor) is supplied by means of a protected connection (e. 
g. a cable) transmitting energy at the appropriate fre- 
quency. The transducer element converts the electrical 
energy into ultrasonic energy, which is introduced into 



the plating solution as vibration (at ultrasonic frequen- 
cy). The vibration causes (within the plating solution) an 
effect called cavitation, producing bubbles in the solu- 
tion which collapse upon contact with surfaces (such as 
5 the plated cylinder). The greater amount of ultrasonic 
wave energy introduced into the plating tank, the greater 
this effect. 

[0073] Shown schematically in FIGURE 22 are two 
types of ultrasonic transducer elements, cylindrical ele- 

10 ment 450x and rectangular element 450y. In preferred 
embodiments, as shown in FIGURES 1 9 and 23, an ar- 
rangement of cylindrical transducer elements 450 is 
used. The configuration of transducer element 450 
(without sleeve) according to a particularly preferred 

is embodiment is shown in FIGURE 26. Transducer ele- 
ment 450 has end portions 450b and a central portion 
450a; power is supplied at one of end portions 450b 
through an electrical connector 451 (shown as a cable 
which is coupled to the ultrasonic generator, not shown 

20 in FIGURE 26). In an exemplary embodiment, the cylin- 
drical transducer element has an overall length of ap- 
proximately 1131 mm, a diameter of approximately 50 
mm at its central portion and a diameter of approximate- 
ly 70 mm at its end portions; such a transducer element 

25 provides approximately 1 .5 kW of energy into the plating 
tank. (A transducer element of an overall length of ap- 
proximately 1320 mm will provide approximately 2.0 
kW; a transducer element of an overall length of 438 mm 
will provide approximately 0.6 KW.) In the preferred em- 

30 bodiment, each transducer element used in the appara- 
tus is a high capacity (free-swinging) element, and pro- 
vides a uniform sound field, enabling a high sound den- 
sity. (Ultrasonic wave energy disperses radially from the 
axis of the transducer element, as shown in FIGURE 

35 13.) The transducer element is of a very compact 
(space-saving) design. As installed, it provides for easy 
replacement. According to particularly preferred em- 
bodiments, as installed, it is of a high durability (e.g. re- 
sistant to the effects of the plating solution). According 

40 to a particularly preferred embodiment, the system of 
ultrasonic transducer elements (and associated equip- 
ment) is provided by Tittgemeyer Engineering GmbH of 
Arnsberg, Germany. Ultrasonic transducer elements of 
varying shapes, sizes (lengths and diameters) and pow- 

45 er, and associated ultrasonic generators are available 
from a variety of other sources and suppliers. 
[0074] The apparatus can be constructed to accom- 
modate rotogravure cylinders of a variety of sizes (e.g. 
smaller with a face length of 101 .6 - 127cm (40 to 50 

50 inches) as used for packaging or larger, 182.9 - 376cm 
(72 to 1 48 inches) as used for publications). The cylinder 
may have a standard diameter (of approximately 800 to 
1500 mm) or, according to alternative embodiments, 
other diameters may be accommodated. As is evident 

55 from this disclosure, comparing FIGURES 18, 20 and 
21 , the ultrasonic transducer elements can readily be 
installed within the plating tank in a suitable manner to 
introduce ultrasonic wave energy to facilitate the plating 
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process. For example, two, three, or more ultrasonic 
transducer elements can be installed in a staggered or 
offset pattern to ensure coverage of (i.e. transmission 
of ultrasonic wave energy to) and along the entire length 
of the surface of the cylinder, as shown in FIGURES 20 
and 21 . According to an exemplary embodiment, each 
transducer element introduces about 1 .5 to 2.0 KW of 
energy into the plating tank; if 6.0 KW of energy is to be 
introduced into the plating tank, three or four transducer 
elements can be installed, for example. For obtaining 
desirable results in the plating of smaller cylinders, two 
transducer elements may be used (3.0 to 4.0 kW); for 
longer cylinders, three or more transducer elements 
may be used (4.5 to 6.0 kW or more). According to a 
preferred embodiment, the amount of power to be ap- 
plied by the transducer elements can be adjusted from 
20 to 1 00 percent at the generator (oscillator) of the ul- 
trasonic system. To optimize performance in a given ap- 
plication, other arrangements are possible using other 
transducer element combinations and power adjust- 
ment capability at the ultrasonic generator (e.g. 20 to 
100 percent power). 

[0075] The installation of the ultrasonic transducer el- 
ements of the apparatus according to a preferred em- 
bodiment is shown in FIGURES 1 8 and 24, and the other 
associated FIGURES. In FIGURES 18 and 18A, show- 
ing an apparatus adapted to plate copper from copper 
nuggets contained in basket compartments 432, trans- 
ducer elements 450 are shown mounted to conductors 
shown as anode strips 442 (although another mounting 
structure could be used) which are coupled to current- 
carrying rails 444. In FIGURE 24, showing an apparatus 
adapted to plate chrome or zinc or other metals directly 
from solution, a similar arrangement may be used (al- 
though a mounting structure distinct from the anode 
strips may be used); this apparatus includes an anode 
(mesh or expanded material) 443 positioned between 
transducer elements 450 and cylinder 420. The mount- 
ing arrangement includes supports 490 for the transduc- 
er elements. According to a preferred embodiment, sup- 
port 490 may include an at least partially threaded rod 
491 held at its base by two nuts 492 to anode strip 442 
(or in other embodiments the mounting structure); a col- 
lar 494 is mounted to (threaded onto) rod 491 . End 450b 
of transducer element 450 is fitted within collar 494 and 
secured therein by at least one retaining screw 495 (see 
FIGURE 25 and 25A). (FIGURES 18A and 25A show 
an alternative embodiment of the mounting arrange- 
ment with a different collar fit.) The collar is preferably 
made of an electrically isolated plastic material; the 
transducer element is preferably covered with a sleeve 
498 of an electrically isolated plastic material (such as 
a shrink-wrap tube of sufficient length). In each case, 
the objective is to prevent the build-up of plating material 
on the structures and withstand the effects of the plating 
solution. Other elements of the mounting arrangement 
are preferably treated with a resistant coating or made 
from a resistant material (or covered with electrical tape 



or the like) for isolation and also to withstand the effects 
of immersion in the plating solution. The supports can 
be provided in various shapes and lengths, in alternate 
locations (e.g. mounted to the wall or floor of the plating 

s tank or to a supplemental structure), or with an adjust- 
ment capability, that allows the transducer elements to 
be positioned (at least vertically) in a functionally advan- 
tageous position within the plating tank. According to al- 
ternative embodiments, other mounting or fastening ar- 

10 rangements, for example, that withstand mechanical vi- 
bration and associated effects (e.g. loosening or fa- 
tigue), can be used. 

[0076] FIGURES 20 and 21 show particular alterna- 
tive arrangements of transducer elements intended to 

is provide suitable "coverage" (i.e. generally uniform dis- 
tribution) of ultrasonic wave energy along the length of 
the rotogravure cylinder (not shown), notwithstanding 
differences in cylinder length. In FIGURE 20, a cylinder 
of intermediate length is accommodated; in FIGURE 21 , 

20 a longer cylinder is accommodated. Other arrange- 
ments can be provided to accomplish the goal of uni- 
formity of distribution of ultrasonic wave energy to and 
along the cylinder. For example, transducer elements of 
a like type are available in other lengths, and may be 

25 used. In any preferred embodiment, however, the trans- 
ducer elements should be arranged to provide for uni- 
formity, notwithstanding the size or shape of the trans- 
ducer elements. The amount of ultrasonic wave energy 
that is introduced into the plating tank to achieve the de- 

30 sired, consistent grain structure on the plated surface of 
the cylinder is roughly proportional to the plated surface 
area. For example, a 142cm (56-inch) cylinder of ap- 
proximately 25 cm (1 0 inches) in diameter uses approx- 
imately 3.0 kW of ultrasonic energy. Smaller surface ar- 

35 eas require less energy; larger require more, roughly in 
this proportion. Ultrasonic wave energy requirements 
can be adapted to suit the application and will guide the 
arrangement of the transducer elements. 
[0077] According to any preferred embodiment of the 

40 present invention, the rotogravure cylinder is provided 
with a plated surface having a consistent, even grain 
structure. Consistency of grain structure (and therefore 
of engraved "cells") within the plated surface of the ro- 
togravure cylinder provides for higher quality of engrav- 
es ing and enhanced quality of rotogravure printing. Pref- 
erably, plating consistency is achieved in all dimensions, 
across and around the plated surface. The process of 
preparing the rotogravure cylinder for printing according 
to the various embodiments of the present invention is 

so intended to provide the desired consistent grain struc- 
ture for a variety of plated materials (i.e. copper, chrome, 
zinc, or the like). The process can be performed using 
apparatus as described in this disclosure or alternatively 
any other su itable apparatus adapted to practice the dis- 

55 closed method. 

[0078] In arranging or sequencing a series of steps 
(e.g. treatment) relating to the plating of the cylinder (i. 
e. the surface) according to preferred embodiments, 
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various options are available. The cylinder is cleaned (a 
step that is regularly conducted after other method steps 
to ensure a quality plated surface for printing), A treat- 
ment of nickel or cyanide copper may be applied to the 
cylinder to facilitate plating. Alternatively base copper 
may be plated directly onto the cylinder. (According to 
the preferred embodiments of the present invention, 
copper may be plated directly onto the steel cylinder 
without the need for a special treatment.) According to 
exemplary embodiments, the base copper will have a 
thickness in a range between approximately 0.25 mm 
and 1.0 mm (0.010 and 0.040 inches) (though other 
thicknesses may be plated). If a Ballard shell is to be 
plated onto the cylinder, a separating solution will be ap- 
plied to the base copper layer. The Ballard shell (if cre- 
ated) will preferably have a minimum thickness of ap- 
proximately 0.076 mm (0.003 inches) or so (e.g. 0.068 
mm (0.0027) to over 0.1 mm (0.004 inches)). 
[0079] According to the preferred embodiments, plat- 
ing can be conducted in accordance with the same basic 
range of values of process parameters as for plating by 
convention methods (i.e. without using ultrasonic ener- 
gy). The plating process according to the preferred em- 
bodiments is intended to produce a more uniform, con- 
sistent grain structure of the plated material as well as 
to speed the plating by allowing more energy (i.e. a high- 
er current density on the plated surface) to be applied 
during plating without adverse effects. According to ex- 
emplary embodiments, copper can be plated with a cur- 
rent density in a range of approximately 0.155 - 0.465 
A/cm 2 (1 to 3 amperes per square inch) (as compared 
with 0. 1 24 - 0.1 86 A/cm 2 (0.8 to 1 .2 amperes per square 
inch) as an example for a typical conventional process); 
chrome can be plated with a current density in a range 
of approximately 0.775 - 1 ,86 A/cm 2 (5 to 12 amperes 
per square inch) (as compared with 5 to 7 amperes per 
square inch as an example for a typical conventional 
process). As a result, in an exemplary embodiment, plat- 
ing may be accomplished as much as 40 to 50 percent 
faster, or an increased thickness of plated material can 
be achieved in a given time period. For example, all oth- 
er parameters being maintained constant, if a conven- 
tional system plates a Ballard shell of 0.068 mm (0.0027 
inches) onto the cylinder in approximately 30 minutes 
without using ultrasonic energy, by using ultrasonic en- 
ergy according to a preferred embodiment, after 30 min- 
utes a Ballard shell of 0.01 mm (0.004 inches) in thick- 
ness would be plated onto the cylinder. 
[0080] According to an exemplary embodiment for 
plating with copper (e.g. from copper nuggets), the plat- 
ing solution is maintained at a temperature of approxi- 
mately 25 to 35° C (preferably 30 to 32° C) with a con- 
centration of 210 to 230 grams/liter of copper sulfate 
(preferably 220 grams/liter) and 50 to 70 grams/liter of 
sulfuric acid (preferably 60 grams/liter); ultrasonic ener- 
gy (i.e. power) can be applied in a range of 1 .5 to 6 kVA. 
According to a particularly preferred embodiment for 
plating with chrome (e.g. directly out of solution), the 



plating solution is maintained at a temperature of ap- 
proximately 55 to 65° C with an initial concentration of 
120 to 250 grams/liter of chromic acid and 1.2 to 2.5 
grams/liter of sulfuric acid; ultrasonic energy (i.e. power) 
5 can be applied in a range of 1 .5 to 6.0 kVA. As is appar- 
ent to those of skill in the art who review this disclosure, 
the values of process parameters may be adjusted as 
necessary to provide a plated surface having desired 
characteristics. According to alternative embodiments, 
10 these ranges may be expanded further, using the ad- 
vantages of ultrasonic energy. 
[0081] In comparison to conventional methods (e.g. 
without using ultrasonic energy), the rotogravure cylin- 
der plated according to any preferred embodiment of the 
15 present invention will provide a surface better suited for 
subsequent engraving and printing, as shown in FIG- 
URES 28 and 30. The plated surface of the cylinder will 
be characterized by a hardness similar to that obtained 
by conventional methods, but the grain structure (i.e. 
size) will be more consistent across and along the sur- 
face (i.e. both around the circumference and along the 
axial length of the cylinder), by example (for copper plat- 
ing) varying approximately 1 to 2 percent (with ultrason- 
ic) in comparison to approximately 4 to 1 0 percent (with- 
out ultrasonic). (According to other exemplary embodi- 
ments, the plated surface hardness may increase 20 to 
30 Vickers.) 

[0082] The surface plated according to an embodi- 
ment of the present invention will exhibit an engraved 
cell structure 500 as shown in FIGURE 28 (schematic 
diagram) and FIGURE 30 (photomicrograph), with cell 
walls 502 of a generally consistent width and shape and 
relatively and substantially free of "burrs" or other unde- 
sirable deposits of material following the engraving 
process. By conventional methods, shown in FIGURES 
27 and 29, the structure of cell 501 is somewhat less 
consistent in form and dimension, as well as having ma- 
terial deposits 505 on or near walls 503 that may cause 
irregularities or defects during printing, see "The Impact 
of Electromechanical Engraving Specifications on 
Streaking and Hazing," Gravure (Winter 1 994), which is 
incorporated by reference herein. Cells 500 of a consist- 
ent structure, as shown in FIGURES 28 and 30, with 
less distortion and less damage during engraving, pro- 
vide a surface on the cylinder which can more efficiently 
be inked and cleaned and which is therefore more ca- 
pable of printing a high quality image in the final product. 
When, as according to the present invention, such uni- 
formity and consistency can be achieved across the 
length of the cylinder (not just in isolated portions of the 
surface), the overall printing quality is enhanced. 
[0083] Although only a few exemplary embodiments 
of this invention have been described in detail above, 
those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodi- 
ments (such as variations in sizes, shapes and propor- 
tions of the various elements, values of the process pa- 
rameters, or use of materials) without materially depart- 
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ing from the novel teachings and advantages of this in- 
vention. Other sequences of method steps may be em- 
ployed. Accordingly, all such modifications are intended 
to be included within the scope of the invention as de- 
fined in the following claims. In the claims, each means- 
plus-function clause is intended to cover the structures 
described herein as performing the recited function and 
not only structural equivalents but also equivalent struc- 
tures. 

[0084] Other substitutions, modifications, changes 
and omissions may be made in the design, operating 
conditions and arrangement of the preferred embodi- 
ments without departing from the scope of the invention 
as expressed in the appended claims. 

Claims 

1. An apparatus (10) for electroplating and deplating 
a rotogravure cylinder (20) connectable to a current 
source, the apparatus comprising: 

a tank (12) adapted to rotatably maintain the 
cylinder and to contain a plating solution (F) so 
that the cylinder is at least partially disposed in- 
to the plating solution; 

a plurality of conductors (30) connectable to the 
current source and at least partially disposed 
within the plating solution; 

a mounting structure (45) mountable within the 
plating tank partially on each side of and gen- 
erally below the cylinder; 

characterized in that the apparatus com- 
prises 

at least one transducer element (50) mounted 
to the mounting structure within the plating tank to 
introduce wave energy into the plating solution in- 
cluding a power generator (53) adapted to provide 
electrical energy to the at least one transducer ele- 
ment, wherein the at least one transducer element 
is configured to provide wave energy at a frequency 
in a range between 10 kHz and 40 kHz. 

2. The apparatus of Claim 1 wherein the at least one 
transducer element (50) is positioned adjacent to 
the cylinder (20) and along the substantial entirety 
of a length of the tank (1 2). 

3. The apparatus of Claim 1 wherein the at least one 
transducer element (50) comprises a surface mate- 
rial substantially resilient to the plating solution. 

4. The apparatus of Claim 1 wherein the at least one 
transducer element (50) is configured to provide 
wave energy at variably selectable frequency in the 
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ultrasonic range. 

5. The apparatus of Claim 1 wherein the at least one 
transducer element is configured to provide wave 

5 energy at a frequency in a range between 15 kHz 
and 40 kHz. 

6. The apparatus of Claim 1 wherein the at least one 
transducer element is configured to provide wave 

10 energy at a frequency in a range between 15 kHz 
and 30 kHz. 

7. The apparatus of Claim 1 wherein the at least one 
transducer element (50) is configured to provide 

15 wave energy at a frequency of approximately 20 
kHz. 

8. The apparatus of Claim 1 wherein the at least one 
transducer element is configured to provide wave 

20 energy at variably selectable frequencies between 
10 kHz and 40 kHz. 

9. The apparatus of Claim 1 wherein the at least one 
transducer element (50) has a substantially cylin- 

25 drical shape. 

10. The apparatus of Claim 1 wherein the at least one 
transducer element (50) comprises four transducer 
elements mounted within the tank (12), 

30 

1 1 . The apparatus of Claim 1 wherein the at least one 
transducer element (50) comprises a first transduc- 
er element configured to assist ion movement and 
a second transducer element configured to main- 

35 tain the plurality of nuggets substantially free of 
sludge. 

12. The apparatus of Claim 1 further comprising a re- 
flector (260) disposed in the tank (12) beneath the 

40 cylinder and beneath the at least one transducer el- 
ement (50). 

13. The apparatus of Claim 12 wherein the reflector 
(260) has an arcuate cross-section. 

45 

14. The apparatus of Claim 1 wherein the mounting 
structure (45) is the plurality of conductors (30). 

15. The apparatus of Claim 1 further comprising: 

50 

a holding tank (14) disposed beneath the tank 
(12); 

a circulation pump (64) providing a flow of plat- 
55 ing solution from the holding tank (14) to the 

tank (12); and 

a weir (72) maintaining a level of plating solu- 
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tion (F) in the tank (12). 

16. The apparatus of Claim 15 wherein holding tank 
(14) further comprises a fluid heating system (18) 
and a fluid cooling system (16). 



Patentanspruche 

1 . Vorrichtung (1 0) zum Elektroplattieren und Deplat- 
tieren eines mit einer Stromquelle verbindbaren 
Tiefdruckzylinders (20), wobei die Vorrichtung auf- 
weist: 

einen Behalter (12), der angepaBt ist, urn den 
Zylinder drehbarzu halten und urn eine Plattie- 
rungslosung (F) zu enthalten, so daB der Zylin- 
der zumindest teilweise in der Plattierungslo- 
sung angeordnet ist, 

eine Vielzahl von Leitern (30), die mit der 
Stromquelle verbindbar sind und zumindest 
teilweise in der Plattierungslosung angeordnet 
sind, 

eine Befestigungskonstruktion (45), die in dem 
Plattierungsbehalter teilweise auf jeder Seite 
von und allgemein unterdem Zylinder befestigt 
werden kann, 

dadurch gekennzeichnet, da (3 die Vorrichtung 
mindestens ein Wandlerelement (50) aufweist, das 
an der Befestigungskonstruktion in dem Plattie- 
rungsbehalter befestigt ist, urn Wellenenergie in die 
Plattierungslosung einzubringen, und das einen 
Energiegenerator (53) aufweist, der angepaftt ist, 
urn elektrische Energie an das mindestens eine 
Wandlerelement zu liefern, wobei das mindestens 
eine Wandlerelement ausgestaltet ist, urn Wellen- 
energie mit einer Frequenz in einem Bereich zwi- 
schen 10 kHz und 40 kHz zu liefern. 

2. Vorrichtung nach Anspruch 1 , bei der das minde- 
stens eine Wandlerelement (50) benachbart zu 
dem Zylinder (20) und entlang im wesentlichen der 
Gesamtheit einer Lange des Behalters (12) ange- 
ordnet ist. 

3. Vorrichtung nach Anspruch 1 , bei der das minde- 
stens eine Wandlerelement (50) ein Oberflachen- 
material aufweist, das gegenuber der Plattierungs- 
losung im wesentlichen widerstandsfahig ist. 

4. Vorrichtung nach Anspruch 1 , bei der das minde- 
stens eine Wandlerelement (50) ausgestaltet ist, 
urn Wellenenergie mit einer variabel wahlbaren Fre- 
quenz im Ultraschallbereich zu liefern. 

5. Vorrichtung nach Anspruch 1 , bei der das minde- 
stens eine Wandlerelement ausgestaltet ist, um 
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Wellenenergie mit einer Frequenz in einem Bereich 
zwischen 15 kHz und 40 kHz zu liefern. 

6. Vorrichtung nach Anspruch 1, bei der das minde- 
5 stens eine Wandlerelement ausgestaltet ist, um 

Wellenenergie mit einer Frequenz in einem Bereich 
zwischen 15 kHz und 30 kHz zu liefern. 

7. Vorrichtung nach Anspruch 1 , bei der das minde- 
10 stens eine Wandlerelement (50) ausgestaltet ist, 

um Wellenenergie mit einer Frequenz von ungefahr 
20 kHz zu liefern. 

8. Vorrichtung nach Anspruch 1 , bei der das minde- 
15 stens eine Wandlerelement ausgestaltet ist, um 

Wellenenergie mit variabel wahlbaren Frequenzen 
zwischen 10 kHz und 40 kHz zu liefern. 

9. Vorrichtung nach Anspruch 1 , bei der das minde- 
20 stens eine Wandlerelement (50) eine im wesentli- 
chen zylindrische Form hat. 

10. Vorrichtung nach Anspruch 1, bei der das minde- 
stens eine Wandlerelement (50) vier in dem Behal- 

25 ter (1 2) befestigte Wandlerelemente aufweist. 

11. Vorrichtung nach Anspruch 1, bei der das minde- 
stens eine Wandlerelement (50) ein erstes Wand- 
lerelement, das ausgestaltet ist, um die lonenbewe- 

30 gung zu unterstutzen, und ein zweites Wandlerele- 
ment aufweist, das ausgestaltet ist, um die Vielzahl 
von Klumpen im wesentlichen frei von Schlamm zu 
halten. 

35 12. Vorrichtung nach Anspruch 1 , die ferner einen Re- 
flektor (260) aufweist, der in dem Behalter (12) un- 
ter dem Zylinder und unter dem mindestens einen 
Wandlerelement (50) angeordnet ist. 

40 13. Vorrichtung nach Anspruch 12, bei der der Reflektor 
(260) einen bogenformigen Querschnitt hat. 

14. Vorrichtung nach Anspruch 1, bei der die Befesti- 
gungskonstruktion (45) die Vielzahl von Leitern (30) 

45 ist. 

15. Vorrichtung nach Anspruch 1, die ferner aufweist: 

einen unter dem Behalter (12) angeordneten 

so Auffangbehalter (14), 

eine Umwalzpumpe (64), die einen FluB von 
Plattierungslosung von dem Auffangbehalter 
(14) zu dem Behalter (12) bereitstellt, und 
einen Oberlauf (72), der einen Pegel von Plat- 

55 tierungslosung (F) in dem Behalter (12) auf- 

recht erhalt. 

1 6. Vorrichtung nach Anspruch 1 5, bei der der Auffang- 
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behalter (14) ferner ein Fluidheizsystem (18) und 
ein Fluidkuhlsystem (16) aufweist. 



Revendications 

1 . Appareil (1 0) de placage electrolytique et d'elimina- 
tion de placage d'un cylindre de rotogravure (20) 
pouvant etre relie a une source de courant, I'appa- 
reil comprenant : 

un reservoir (12) adapteamainteniren rotation 
le cylindre et a contenir une solution de placage 
(F) afin que le cyiindre soit au moins partielle- 
ment place dans la solution de placage ; 
une plurality de conducteurs (30) pouvant dtre 
relies a la source de courant et places au moins 
partiellement dans la solution de placage ; 
une structure de montage (45) pouvant etre 
montee a I'interieur du reservoir de placage 
partiellement de chaque cote et generalement 
sous le cylindre ; 

caracterise en ce que I'appareil comprend au 
moins un premier element transducteur (50) monte 
sur la structure de montage a I'interieur du reservoir 
de placage pour introduire une energie sous forme 
d'ondes dans la solution de placage incluant un ge- 
nerates de puissance (53) fait pour fournir une 
energie electrique audit au moins premier element 
transducteur, dans lequel ledit au moins premier 
element transducteur est configure pour fournir une 
energie sous forme d'ondes a une frequence com- 
prise entre 1 0 kHz et 40 kHz. 

2. Appareil selon la revendication 1 , dans lequel ledit 
au moins premier element transducteur (50) est pla- 
ce adjacent au cylindre (20) etsurtoute la longueur 
du reservoir (12). 

3. Appareil selon la revendication 1 , dans lequel ledit 
au moins premier element transducteur (50) com- 
prend un materiau de surface substantiellement re- 
sistant a la solution de placage. 

4. Appareil selon la revendication 1 , dans lequel ledit 
au moins premier element transducteur (50) est 
configure pour fournir une energie sous forme d'on- 
des a une frequence qui peut etre selectionnee de 
facon variable dans le domaine des ultrasons. 

5. Appareil selon la revendication 1 , dans lequel ledit 
au moins premier element transducteur est confi- 
gure pour fournir une energie sous forme d'ondes 
a une frequence comprise entre 1 5 kHz et 40 kHz. 

6. Appareil selon ia revendication 1 , dans lequel ledit 
au moins premier element transducteur est confi- 



gure pour fournir une energie sous forme d'ondes 
a une frequence comprise entre 15 kHz et 30 kHz. 

7. Appareil selon la revendication 1 , dans lequel ledit 
5 au moins premier element transducteur (50) est 

configure pourfournir une energie sous forme d'on- 
des a une frequence d'environ 20 kHz. 

8. Appareil selon la revendication 1 , dans lequel ledit 
10 au moins premier element transducteur est confi- 
gure pour fournir une energie sous forme d'ondes 
a des frequences pouvant etre selectionnees de fa- 
con variable entre 10 kHz et 40 kHz. 

15 9. Appareil selon la revendication 1 , dans lequel ledit 
au moins premier element transducteur (50) a une 
forme substantiellement cylindrique. 

10. Appareil selon la revendication 1, dans lequel ledit 
20 au moins premier el6ment transducteur (50) com- 
prend quatre elements transducteurs montes dans 
le reservoir (12). 

11. Appareil selon la revendication 1, dans lequel ledit 
25 au moins premier element transducteur (50) com- 
prend un premier element transducteur pour aider 
le mouvement des ions et un deuxieme element 
transducteur configure pour maintenir la pluralite de 
pepites substantiellement sans depot. 

30 

12. Appareil selon la revendication 1 comprenant de 
plus un refiecteur (260) place dans le reservoir (12) 
sous le cylindre et sous ledit au moins premier el6- 
ment transducteur (50). 

35 

13. Appareil selon la revendication 12, dans lequel le 
refiecteur (260) a une section transversale en arc 
de cercle. 

40 14. Appareil selon la revendication 1, dans lequel la 
structure de montage (45) est la pluralite de con- 
ducteurs (30). 

15. Appareil selon la revendication 1 comprenant de 
45 plus : 

une cuve de d6tention (14) placee sous le re- 
servoir (12) ; 

une pompe de circulation (64) foumissant un 
so ecoulement de la solution de placage entre la 

cuve de detention (14) et le reservoir (12) ; et 
un barrage (72) maintenant un niveau de solu- 
tion de placage (F) dans le reservoir (12). 

55 16. Appareil selon la revendication 15, dans lequel la 
cuve de detention (14) comprend de plus un syste- 
me de chauffage de fluide (18) et un systeme de 
refroidissement de fluide (16). 
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